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(57) Abstract 

The invention relates to an athermal optical waveguide grating device (20). The optical waveguide grating device (20) includes a fiber 
Bragg grating member (22) secured and bonded to a supporting substrate member (28) with a low thermal expansion securing glass (30), 
such as a copper alumino silicate glass. The inventive devices and method of making the devices include the utilization of intermediate 
solid insert members (40, 42) between the fiber (24) and a negative thermal expansion substrate (38). 
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ATHERMAL OPTICAL WAVEGUIDE GRATING DEVICE 



Field of Invention 

The present invention relates to optical waveguide grating devices. Such a 
device comprises an optical waveguide, such as an optical fiber, in which a grating has 
10 been formed in order to affect the optical characteristics of the waveguide. The 

invention is especially suited for providing an athermalized optical waveguide grating 
wherein temperature varying properties are controlled. 

Background of the Invention 

15 The central wavelength of optical waveguide grating devices such as a fiber 

Bragg grating can be altered by changing the temperature of the optical waveguide 
fiber Bragg grating. The central wavelength can also be altered by changing the 
stress/strain in the fiber that contains the Bragg grating. To minimize any undesired 
wavelength shifts due to temperature variations the fiber Bragg grating device can be 

20 rigidly attached, under appropriate tension, to a substrate material having a suitable 
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negative coefficient of thermal expansion. Low softening temperature phosphate glass 
frits which have been filled with a pyrophosphate glass-ceramic have been used to 
attach fibers to negative expansion beta-eucryptite substrates. The inventors have 
discovered that such frits, while operable, may develop stresses due to expansion 
differences during the process steps of making a device which may lead to a stress 
build up in the components that may be undesirable. 

Summary of the Invention 

Accordingly, the present invention is directed to an optical waveguide device 
that substantially obviates one or more of the problems due to limitations and 
disadvantages of the related art. The present invention provides an improved athermal 
optical waveguide grating device. 

In one aspect, the invention is directed to improvements which reduce stress 
build up caused by differential expansion of components during manufacture and 
subsequent use. 

Additional features and advantages of the invention will be set forth in the 
description which follows, and in part will be apparent from the description, or may be 
learned by practice of the invention. The objectives and other advantages of the 
invention will be realized and attained by the apparatus, process, and compositions 
particularly pointed out in the written description and claims hereof, as in well as the 
drawings. 

To achieve these and other advantages, and in accordance with the purpose of 
the invention, as embodied and broadly described, the invention comprises an optical 
waveguide device which includes an optical waveguide grating member held under 
tension, which is secured to a supporting member such that the supporting member 
reduces the tension that the grating member is held under in relationship to a 
temperature increase of the device, with the grating member secured to the supporting 
member with a securing glass having a linear coefficient of thermal expansion ranging 
from Ixl0" 7 /°C to 10xl0' 7 /°C in the temperature range of 0°C to 300°C 



1 1\ i' *1 
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In another aspect, the invention includes an athermalized optical waveguide 
device which includes an optical waveguide reflective Bragg grating member and a 
negative thermal expansion support member with the grating member secured to the 
5 support member with a copper alumino silicate glass. 

In an additional aspect, the invention comprises an optical waveguide device 
which includes a negative thermal expansion longitudinal body substrate with a first 
end, and a second distal end distal (at a distance) from the first end, with the substrate 

10 defining a first solid insert receiving void, proximate the first end and a second solid 

insert receiving void proximate the second end. The device further includes a first solid 
insert member received within the first solid insert receiving void and a second solid 
insert member received within the second solid insert receiving void, and a longitudinal 
optical waveguide grating member held under a tension with the grating member 

15 secured to the first solid insert member and to the second solid insert member, wherein 

the negative thermal expansion substrate reduces the tension, under which the grating 
member is held, in relationship to a temperature increase of the device. 

In another aspect, the invention comprises a method of making an optical 
20 waveguide device which includes the steps of providing an optical waveguide grating 

member, providing a negative thermal expansion supporting member, tensioning the 
grating member, and securing the grating member to the negative thermal expansion 
supporting member with a copper alumino silicate glass. 

25 An additional aspect of the invention includes a method of making an optical 

waveguide device which comprises the steps of providing an optical waveguide grating 
member, providing a negative thermal expansion substrate, forming a first and a second 
insert receiving void in the negative thermal expansion substrate, inserting a first solid 
insert member in to the first insert receiving void and inserting a second solid insert 

30 member into the second insert receiving void. The method further includes the steps of 

tensioning the grating member and securing the grating member to the first solid 
inserted insert member and to the second solid inserted insert member wherein the 
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negative thermal expansion substrate reduces the tensioning of the grating member in 
relation to a temperature increase, of the device. 

An additional aspect of the invention includes an optical waveguide device 
5 including an optical waveguide grating member held under tension by bonding the 

member to a negative thermal expansion substrate with a copper alumino silicate glass. 

It is to be understood that both the foregoing general description and the 
following detailed description are exemplary and explanatory, and are intended to 
10 provide further explanation of the invention as claimed. 

The accompanying drawings are included to provide a further understanding of 
the invention and are incorporated in and constitute a part of this specification, illustrate 
embodiments of the invention and, together with the description, serve to explain the 
15 principles of the invention. 

Brief Description of Drawings 

FIG. 1 is a side view of a device in which the present invention is embodied. 

20 FIG. 2 is a top view of the device shown in FIG. 1 . 

FIG. 3 is an end view of the device shown in FIG. 1 . 

FIG. 4 is a side view of a device in which the present invention is embodied. 

25 

FIG. 5 is a side view of a device in which the present invention is embodied. 
FIG. 6 is a perspective view of a device in which the present invention is embodied. 
30 FIG. 7 is an end view of the device shown in FIG. 6, 

FIG. 8 is a side view of a device in which the present invention is embodied. 
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FIG. 9 is a side view of a device in which the present invention is embodied. 
FIG. 10 is an end view of the device shown in FIG. 9. 

FIG. 1 1 is a side view of a device in which the present invention is embodied. 
FIG. 12 is an end view of the device shown in FIG. 1 1 . 

FIG. 13 is a side view of a device in which the present invention is embodied. 
FIG. 14 is a top view of the device shown in FIG. 13. 
FIG. 15 is an end view of the device shown in FIG. 13. 
FIG. 16 is an end view of the device shown in FIG. 13. 

Detailed Description 

An optical waveguide device comprising an optical waveguide grating member 
held under tension with the optical waveguide grating member secured to a supporting 
member, wherein the inventive device reduces the tension in relation to a temperature 
increase of the grating member. In an embodiment of the invention the grating 
member is secured to the supporting member with a securing glass member having a 
linear coefficient of thermal expansion ranging from Ixl0~ 7 /°C to 10xl0' 7 /°C(0°Cto 
300°C). 

Reference will now be made in detail to preferred embodiments of the 
invention, examples of which are illustrated in the accompanying drawings. 

An exemplary embodiment of the optical waveguide device 20 of the present 
invention is shown in FIG. 1-3. 



* «1 » 



WO 00/28361 , PCT/US99/22809 

o 

Referring to FIG. 1, optical waveguide device 20, embodied herein, and 
comprises an optical waveguide grating member 22. Optical waveguide grating 
member 22 is preferably an optical fiber 24 which includes a grating 26 formed by 
refractive index changes in the optical fiber. Optical waveguide grating member 22 is 
5 most preferably a reflective fiber Bragg grating. 

Optical waveguide device 20 further comprises a supporting member 28 and a 
securing glass member 30, such that optical waveguide grating member 22 is held 
under a tension of at least 100 psi at the maximum use temperature and secured to 

10 supporting member 28 wherein supporting member 28 reduces the tension under which 

grating member 22 is held in relationship to a temperature increase of device 20. 
Grating member 22 is secured to supporting member 28 with a securing glass member 
30 which has a linear coefficient of thermal expansion ranging from lxl0" 7 /°C to 
10xl0' 7 /°C in the temperature range of 0°C to 300°C. Preferably first and second 

15 securing glass members 30 are comprised of a copper alumino silicate glass having 

such a linear thermal expansion. Preferably the copper alumino silicate glass consists 
essentially of Cu 2 0, A1 2 0 3 , and Si0 2 . Preferably securing glass 30 has a linear 
coefficient of thermal expansion ranging from 2xl0" 7 /°C to 9xlO" 7 /°C (0°C to 300°C), 
and more preferably ranging from 3xlO" 7 /°C to 8xl0" 7 /°C (0°C to 300°C). An even 

20 further preferred range is 4xlO* 7 /°C to 8xl0" 7 /°C, and more preferably 5xl0" 7 /°C to 

7xl0~ 7 /°C, (0°C to 300°C). Preferably securing glass 30 is vitreous. The securing glass 
is chosen so that the securing glass expansion characteristics closely match those of the 
optical waveguide device at temperatures lower than the set point in order to minimize 
thermal stress build up. Most preferably, such stresses should be less than 3 kpsi. 

25 

A preferred copper alumino silicate glass for use in the invention is disclosed in 
concurrently filed U.S. Provisional Patent Application Number 60/107,379, titled 
Fusion Sealed Article and Method , by D.M. Young, which is hereby incorporated by 
reference. 



Supporting member 28 has an actual or effective negative coefficient of thermal 
expansion to provide for the reduction of tension during a temperature increase and an 
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increase of the tension during a temperature decrease. Supporting member 28 can have 
an effective negative coefficient of thermal expansion when it is comprised of two or 
more materials having a positive thermal expansion which are arranged and connected 
together so that the difference in positive thermal expansion provides an effective 
5 negative thermal expansion such as shown in FIG. 4. Supporting member 28 in FIG. 4 

is a negative expansion bimetallic strip 32 comprised of an Invar metallic strip 34 
attached on top of a stainless steel strip 36 which provides an effective negative thermal 
expansion. 

10 Preferably supporting member 28 is comprised of a material that has a negative 

coefficient of thermal expansion. Zirconium tungstate ceramic bodies are an example 
of such a material. Another material having a thermal expansion coefficient of -30 to - 
90xlO" 7 /°C is a microcracked beta-eucryptite glass-ceramic of a Li 2 0, AI2O3, and SiC>2 
composition. Preferably, supporting member 28 is comprised of a negative thermal 

15 expansion material body 38, most preferably negative thermal expansion material body 

38 is a microcracked beta-eucryptite glass-ceramic having a thermal expansion 
coefficient in the ranges of -60 to -85xl0' 7 /°C, and most preferably -65 to -80xlO' 7 /°C. 

In reference to FIG. 1-3, support member 28 is comprised of a first solid insert 
20 member 40 and a second solid insert member 42, and a central negative thermal 

expansion member 44 which defines a first insert receiving void 46 and a second insert 
receiving void 48. First solid insert member 40 is received in and contained within first 
insert receiving void 46 and second solid insert member 42 is received in and contained 
within second insert receiving void 48. Preferably first and second solid insert 
25 members 40 and 42 are solids with a linear coefficient of thermal expansion ranging 

from lxl0' 7 /°C to 10xl0" 7 /°C (0°C to 300°C). Preferably 40 and 42 are comprised of a 
glass or glass ceramic. Insert members 40 and 42 may be comprised of copper alumino 
silicate glass, or a silica-containing glass, such as fused silica. 

30 Preferably grating member 22 is secured to first and second solid insert 

members 40 and 42 with securing glass 30. First and second insert members 40 and 42 
are substantially contained within the central negative thermal expansion member 44 
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and first insert receiving void 46 includes a securing glass aperture 50 for receiving 
securing glass 30 and second insert receiving void 48 includes a securing glass aperture 
52 for receiving securing glass 30. Preferably grating member 20 is secured to first and 
second insert members 40 and 42 with securing glass 30 which does not make contact 
5 with central negative thermal expansion member 44. 

In reference to FIG. 5, securing glass member 30 can comprise a securing 
anchor member 54 formed on grating member 22 which is constrained within an 
adhesive body 56, with adhesive body 56 secured and adhered to supporting member 

10 28. Adhesive body 56 can be formed from an adhesive substance such as solder or 

epoxy, and is preferably a fusion seal formed from a low melting glass frit having a 
negative CTE mill addition. Securing anchor member 54 is formed on grating member 
22 by melting the Cu 2 0-Al 2 0 3 -Si0 2 glass member 30 around optical fiber 24 and 
allowing glass 30 to cool into a solid anchor shape that is readily constrainable within a 

15 later formed adhesive body 56. Intermediate securing anchor member 54 provides a 

means for utilizing securing glass 30 to secure grating member 22 to supporting 
member 28 without securing glass 30 directly contacting supporting member 28. 

The invention further includes an athermalized optical waveguide device 20 
20 comprised of an optical waveguide grating member 22 with a reflective Bragg grating 

26 and a negative thermal expansion supporting member 28, with the optical 
waveguide grating member 22 secured to supporting member 28 with a copper alumino 
silicate glass 30. Preferably the copper alumino silicate glass consists essentially of 
Cu 2 0, Al 2 0 3 , and Si0 2 . Preferably a maximum stress formed between grating member 
25 22 and copper alumino silicate glass 30 is less than 3 Kpsi. Preferably the copper 

alumino silicate glass batch composition consists essentially of 48~67%wt.Si0 2 , 10- 
19%wt.Al 2 0 3: 20-38%wt.CuO, and most preferred 50-65%wt.SiO 2 , 12-16%wt.Al 2 0 3 , 
24-34%wt.CuO. Similarly, it is preferred to minimize expansion mismatch between 
supporting member 28 and adhesive body 56. 

30 

As shown in FIG. 1-3, 6-7, 9-12, the invention includes an optical waveguide 
device 20 comprised of a negative thermal expansion longitudinal body substrate 38 
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having a first end 58 and a second distal end 60, with substrate 38 defining a first solid 
insert receiving void 46 proximate first end 58 and a second solid insert receiving void 
48 proximate second end 60. First solid insert member 40 is received within first solid 
insert receiving void 46 and second solid insert member 42 is received within second 
solid insert receiving void 48. Solid insert members are comprised of a low expansion 
material, preferably the solid insert material has an expansion of 1x10" to 10-10" /°C 
(0° to 300°C). Longitudinal optical waveguide grating member 22 is held under a 
tension and is secured to first solid insert member 40 and second solid insert member 
42 wherein negative thermal expansion substrate 38 reduces the tension of grating 
member 22 in relationship to a temperature increase of optical waveguide device 20. 

In one embodiment, as shown in FIG. 1-3, first and second solid inserts 40 and 
42 are comprised of a silica glass such as fused silica, or copper alumino silicate glass. 
First and second solid inserts 40 and 42 are in the form of a solid cylinder which is 
sized so that it can be inserted into the solid insert receiving void and contained therein. 
Preferably grating member 22 is secured to first and second solid insert members 40 
and 42 with a securing glass having a linear coefficient of thermal expansion ranging 
from lxl0" 7 /°C to 10xlO" 7 /°C. (0°C to 300°C), which is preferably comprised of a 
copper alumino silicate glass. 

Longitudinal body substrate 38 comprises a first top surface 62 which defines a 
first longitudinal channel 64 wherein longitudinal optical waveguide grating member 
22 is in alignment with first longitudinal channel 64, and is preferably received within 
channel 64. 

In reference to FIG. 1-3, first end 58 comprises a first end surface 68 and 
second end 60 comprises a second end surface 70. First end surface 68 defines first 
solid insert receiving void 46 with first solid insert receiving void 46 comprising a 
substantially cylindrical void having an inside diameter D. First solid insert member 40 
comprises a solid cylinder having an outside diameter substantially equal to D such that 
the first solid cylinder insert member is received within the substantially cylindrical 
solid insert receiving void. 
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In reference to FIG. 6, first top surface 62 further defines first solid insert 
receiving void 46 wherein first solid insert receiving void 46 comprises a first solid 
insert receiving channel inboard of first end 58 and substantially perpendicular to first 
longitudinal channel 64. First top surface 62 defines said second solid insert receiving 
void 48 which is comprised of a second solid insert receiving channel inboard of 
second end 60 and is substantially perpendicular to first longitudinal channel 64. First 
and second solid insert members 46 and 48 are preferably comprised of a glass, ceramic 
or glass-ceramic having a coefficient of thermal expansion ranging from 0 to 10x10" 
7 /°C. (0°C to 300°C), most preferably a silica glass doped with titanium, such as ULE® 
brand glass which is commercially available from Corning Incorporated, Corning, New 
York. An alternative, and preferred glass-ceramic, is a Beta-Quartz solid solution 
aluminosilicate glass-ceramic, such as a Li20-Al203-Si02 glass-ceramic containing 
ZrTi04, , an example of which has been commercially available from Corning 
Incorporated, Corning, New York as Visions™ brand cookware. Preferably first and 
second solid insert members 40 and 42, and first and second insert receiving voids 46 
and 48 have a tapered trapezoidal cross section, and the insert member can be slid into 
the receiving void from the side. 

As shown in FIG. 7, first and second solid insert members 40 and 42 can 
include a groove 72, wherein waveguide grating member 22 is secured to solid insert 
member 40 and is received in groove 72. Preferably both first and second solid insert 
members 40 and 42 include a groove 72 which is in alignment with longitudinal 
channel 64. Preferably groove 72 is sized in relationship to the diameter of grating 
member 22 so that grating member 22 is secured to solid insert member 40 with a thin 
film adhesive, which can be comprised of a cement, frit seal, epoxy or securing glass 
30. 

In reference to FIG. 9-12, first and second solid insert members 40 and 42 are 
preferably comprised of a glass, ceramic or glass-ceramic as described in regard to the 
solid insert members of FIG. 6-7. In FIG. 9-16, longitudinal channel 64 is comprised 
of a centered channel through negative thermal expansion longitudinal body substrate 
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38 such that substrate 38 is utilized in a tubular configuration. In FIG. 9-10, 13-16 
longitudinal centered channel 64 can be provided by slot cutting. In FIG. 11-12, 
longitudinal centered channel 64 can be provided by boring a hole through substrate 38. 
The slotted centered channel 64 is beneficial in that fiber threading is not required. 
5 Similarly in FIG. 9-16, fiber receiving groove 72 is comprised of a centered channel 

through the solid insert member. 

In FIG. 9-10, solid insert receiving voids 46 and 48 have a polygon cross 
section for receiving solid keystone insert members 40 and 42. Preferably the shape of 

10 solid keystone insert members 40 and 42 is comprised of a pyramid. The polygon base 

and geometry of a pyramid shape provides for a beneficial keystone alignment and 
securement. In FIG. 9-10, optical waveguide grating member 22 is adhered to the solid 
keystone insert members along the length of the centered channel grooves 72 with a 
thin film adhesive as utilized in reference to FIG. 7. Preferably the adhesive is a 

15 wicking adhesive which flows/wicks along the fiber and the centered channel. In FIG. 

9-10, centered channel 72 of insert member 42 is a slotted center channel and centered 
channel 72 of insert member 40 is a bored centered channel. 

In FIG. 11-12, solid insert member 40 is a solid cylinder with a centered 
20 channel and solid insert member 42 is a solid sphere with a centered channel. As 

described with FIG. 9-10, in FIG. 11-12 grating member 22 can be adhered to the solid 
insert members, but it is preferred to use a solid securing anchor member 154 with at 
least one of the solid insert members for securement. As shown in FIG. 11-12, first 
solid insert member 40 includes a centered channel groove 72 and a first solid securing 
25 anchor member 154 adhered to optical waveguide grating member 22 such that the 

solid securing anchor member 154 abuts insert member 40 and is larger than the 
diameter of centered channel 72 so that grating member 22 which is under tension is 
physically secured to first solid insert member 40. Similarly, second solid insert 
member 42 is secured to grating member 22 using solid securing anchor member 154. 
30 Solid securing anchor member 154 can be comprised of a bead having a center bore 

with the bead adhered to grating member 22. Solid securing anchor member 1 54 can 
also be comprised of a solidified adherent. Such a solidified adherent can be formed on 
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grating member 22 using a solidifying adherent similar to the forming of securing 
anchor member 54 in FIG. 5. Solid securing anchor members 154 are physically 
secured to the solid insert members since grating member 22 is under tension. Such 
physical securement of grating member 22 to a solid insert member allows 
5 strength/reliability proof testing of the assembled device in that additional tension can 

be applied to grating member 22. In a preferred embodiment grating member 22 can be 
adhered to one of the solid insert members and physically secured with a solid securing 
anchor member 154 at the other solid insert member. Such use of a solid securing 
anchor member 154 allows for pulling on grating member 22 so that member 154 
10 moves away from its solid insert member. This provides a non-destructive method of 

testing the strength/reliability of a fully assembled device 20 by applying additional 
tension to grating member 22 (tension which exceeds that experienced in the normal 
intended use of the device). 

15 The invention further includes an optical waveguide device comprised of a 

unitary negative thermal expansion longitudinal body substrate with a first end, a 
second distal end, and a centered channel, a first solid member with a centered channel, 
a second solid member with a centered channel, said first solid member adjacent said 
first end, said second solid member adjacent said second end, wherein a longitudinal 

20 optical waveguide grating member is received in said substrate centered channel, said 

first solid member centered channel, and said second solid member centered channel 
and held under a tension and secured to the first solid member and the second solid 
member so that the negative thermal expansion substrate reduces said tension in 
relationship to a temperature increase of the device. As shown in the device of FIG. 

25 13-16, substrate 38 includes a first end 58, a second end 60, and a centered channel 64. 

First solid member 40 is adjacent to and abutts first end 58 of substrate 38. Second 
solid member 42 is adjacent to and abutts second end 60. Spherical first solid member 
40 includes a fiber receiving centered channel 72. Flat faced second solid member 42 
includes a fiber receiving centered channel 72. Longitudinal optical waveguide fiber 

30 Bragg grating member 22 is received in centered channel 64 and the centered channels 

72 of solid members 40 and 42. Grating member 22 is held under a tension and secured 
to solid members 40 and 42. Grating member 22 is physically secured to first solid 
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member 40 with solid securing anchor member 154. Grating member 22 is adhered to 
second solid member 42 inside centered channel 72 with an adhesive such as copper 
alumino silicate glass and preferably a thin film adhesive. Solid members 40 and 42 
are in compression against the ends of substrate 38 and the device 20 can be proof 
5 tested on second end 60 in addition to first end 58 prior to final assembly/securement. 

After proof testing an adhesive is applied to interface 202 between solid member 42 
and substrate 38, and to interface 201 between solid member 40 and substrate 38. An 
adhesive, for example epoxy, at interfaces 201 and 202 protects the device and adheres 
solid members 40 and 42 to substrate 38. The invention includes the method of making 

10 an optical waveguide device 20 by providing an optical grating member 22, providing a 

longitudinal negative thermal expansion substrate 38 having a first end 58 and a second 
end 60, forming a centered channel 64 in substrate 38, abutting first solid member 40 
adjacent to first end 58, abutting second solid member 42 adjacent to second end 60, 
with first solid member 40 having a centered channel 72 and second solid member 42 

15 having a centered channel 72, tensioning grating member 22, physically securing 

grating member 22 to first solid member 40, adhering grating member 22 to second 
solid member 42. 

The invention further includes the method of making optical waveguide devices 
20 20. The invention comprises a method of making an optical waveguide device 20, 

which includes the steps of providing an optical waveguide grating member 22, 
providing a negative thermal expansion supporting member 28, tensioning the grating 
member 22, and securing the grating member 22 to the negative thermal expansion 
supporting member 28 with a copper alumino silicate glass. The method of securing 
25 the grating member to the supporting member can include forming an intermediate 

anchoring member with the copper alumino silicate glass which is then contained in an 
adhesive body which is secured to the supporting member. The method of securing the 
grating member to the supporting member can include physically securing with a solid 
securing anchor member. 

30 



Additionally, the invention includes an optical waveguide device comprising an 
optical waveguide grating member held under a tension, said optical waveguide grating 
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member bonded with a copper alumino silicate glass to a negative thermal expansion 
substrate. Cu20-Al203-Si02 securing glass members can be directly attached to a 
negative thermal expansion beta-eucryptite supporting member. Such a direct bonding 
of the securing glass member to the negative thermal expansion supporting member can 
be used instead of bonding the securing glass member to an intermediate insert 
member. The high strength characteristics of the copper alumino silicate glass are 
particularly beneficial for directly bonding an optical waveguide fiber grating to a 
negative thermal expansion substrate such as a beta-encryptite glass-ceramic. As 
illustrated in FIG. 8, optical fiber 24 is directly bonded with copper alumino silicate 
glass 30 to a beta-eucryptite glass-ceramic negative thermal expansion substrate 28. 

The invention further comprises a method of making an optical waveguide 
device 20, which includes the steps of providing an optical waveguide grating member 
22, providing a negative thermal expansion substrate 38, forming a first and a second 
insert receiving void in the negative thermal expansion substrate. The method further 
includes inserting a first solid insert member into the first insert receiving void and 
inserting a second solid insert member into the second insert receiving void, tensioning 
the optical waveguide grating member, and securing the optical waveguide grating 
member to the first solid inserted insert member and the second solid inserted insert 
member, wherein the negative thermal expansion substrate reduces the tensioning of 
the optical waveguide grating member in relationship to a temperature increase of the 
optical waveguide device. Forming a first insert receiving void preferably comprises 
drilling a first hole in a first end of the substrate and forming a second insert receiving 
void comprises drilling a second hole in a second end of the substrate and inserting a 
first solid insert member comprises inserting a silica cylinder into the first hole. 
Securing the optical waveguide grating member to the first solid inserted insert member 
further comprises securing the grating member to the first solid inserted insert member 
with a copper alumino silicate glass. Securing the grating member to the solid inserted 
insert member also includes physically securing the grating member to the insert 
member with a solid securing anchor member. 
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Securing glass 30 was provided by melting vitreous Cu 2 0-Al 2 03-Si0 2 sealing 
glass while in contact with optical fiber 24 and then allowing the melted glass to cool to 
form securing glass member 30. Copper alumino silicate securing glass 30 was used to 
attach an optical fiber to a fused silica substrate. The copper alumino silicate securing 
5 glass precursors were provided in the form of a frit paste which was melted using a heat 

source such as C0 2 laser or a focused high intensity light bulb. One embodiment of the 
copper alumino silicate securing glass used was obtained from the SEM-COM 
Company of Toledo, Ohio under the glass code SCY-2 (Copper Glass RZ-2) with a 
thermal coefficient of expansion of about 4.8x1 0" 7 /°C. 

10 

More preferred copper alumino silicate glasses were produced in the 
compositional batch ranges of 48-67%wt.Si0 2 , 10-19%wt.Al 2 O 3 , 20-38%wt.CuO, 0- 
4%wt.B 2 0 3 , and most preferred batch ranges of 50-65%wt.SiO 2 , 12-16%wt.Al 2 0 3 , 24- 
34%wt.CuO, and had thermal coefficients of expansion in the range of about 6.8 to 
15 8.7x1 0* 7 /°C as disclosed in the following Tables 1 and 2. Batch compositions such as 

51.4%wt.Si0 2 , 14.5%wt.Al 2 0 3> 34%wt.CuO (Glass Sample #A7) and of 60%wt.SiO 2 , 
12%wt.Al 2 0 3 , 28%wt.CuO (Glass Sample #B3) were particularly beneficial. 



TABLE 1 

20 

Glass Sample # 
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57.9 


58.5 


54.5 
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15.4 


12.5 


14.5 


11.7 


15.9 
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12.9 


13.1 
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6.1 
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9.4 
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12.9 
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24.3 


34.0 


34.4 


18.6 
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2.3 
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2.1 
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2.0 


0 
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Thermal Expansion (xlO" 7 /°C) 



Table 1 sample compositions were Ball Mill batch mixed and melted at 1550°C for 6 
hours in a Pt crucible and then made into square slabs which were annealed at 750°C. 
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TABLE 2 

Glass Sample # 
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12 


12 
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16 


16 


jf *iQ 2 
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62 
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58 


60 


58 


56 




8.2 






: 1J 


7,6 j S3 


lp8;7:ii:i ; 


mm 


mm 



Thermal Expansion (x!0' 7 /°C) 



Table 2 sample compositions were Ball Mill batch mixed and melted at 1550°C 
for 6 hours in a Pt crucible and then made into patties which were not annealed. 

5 

As shown by Table 1, the presence of MgO in the batch increased the thermal 
expansion characteristics of the glass. Glass sample A7 shows the benefits in terms of 
thermal expansion characteristics of the ternary glasses formed from SiC>2, AI2O3, and 
CuO. Glass sample A8 demonstrates that a small level addition of B2O3 (about 2%wt.) 

1 0 results in only a modest increase in thermal expansion characteristics. The addition of 

a low level of B2O3 (0-3%wt.) can provide the resulting glass with beneficial process 
characteristics such as lower sealing temperature without a drastic rise in thermal 
expansion. The resultant glass compositions with beneficial thermal expansion 
characteristics of Tables 1 and 2 are formable into a glass frit using glass frit processing 

1 5 steps, equipment and supplies. 

A securing glass was formed by melting a Cu 2 0 - AI2O3 - Si0 2 glass frit. The 
securing glass was used to attach an optical fiber under tension to a fused silica 
substrate. The securing glass was viewed under a 63x magnification and there were no 
20 observed cracks in the silica substrate, optical fiber, or the securing glass member. 

Stresses between the optical fiber and the securing glass were calculated to be less than 
3 Kpsi. 

The copper alumino silicate securing glass was used to secure an optical fiber 
25 under tension to a negative expansion substrate formed from a beta-eucryptite glass- 

ceramic. The ends of a beta-eucryptite glass-ceramic substrate were core drilled and 
silica cane segments were inserted into the core drilled holes to allow bonding of the 
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optical fiber to the silica cane segments. The copper alumino silicate securing glass 
secured the optical fiber, which was under appropriate tension, to the silica cane 
segments and the negative expansion beta-encryptic material controlled the temperature 
variant optical characteristics of the Bragg grating in the optical fiber. The silica cane 
5 pieces were mechanically interlocked into the substrate holes, in that the dimensions 

were correspondingly close and the fiber was under tension and inhibited the removal 
of the silica cane. 

It will be apparent to those skilled in the art that various modifications and 
10 variations can be made in the optical waveguide device and method of making the 

present invention without departing from the spirit or scope of the invention. Thus, it is 
intended that the present invention cover the modifications and variations of this 
invention provided they come within the scope of the appended claims and their 
equivalents. 
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1 . An optical waveguide device comprising an optical waveguide grating member 
held under a tension, said optical waveguide grating member secured to a supporting 
member wherein said supporting member reduces said tension in relationship to a 
temperature increase of said optical waveguide grating member and said supporting 
member, said optical waveguide grating member secured to said supporting member 
with a securing glass member having a linear coefficient of thermal expansion ranging 
from about Ixl0" 7 /°C to 10xl<r7 o C (0°C to 300°C). 

2. An optical waveguide device as claimed in claim 1, wherein said securing glass 
comprises a copper alumino silicate glass. 

3. An optical waveguide device as claimed in claim 1, wherein said securing glass 
comprises 48-67%wt.Si0 2 , 10-19%wt. A1 2 0 3 , 20-38%wt.CuO and 0-4%wt.B 2 O 3 . 

4. An optical waveguide device as claimed in claim 1 , wherein said securing glass 
has a linear coefficient of thermal expansion ranging from 2x10' /°C to 9x10" /°C (0° 
to 300°C). 

5. An optical waveguide device as claimed in claim 1, wherein a stress between 
said optical waveguide grating member and said securing glass is less than 3 Kpsi. 

6. An optical waveguide device as claimed in claim 1, wherein said supporting 
member has a negative coefficient of thermal expansion. 

7. An optical waveguide device as claimed in claim 6 wherein said supporting 
member comprises a first insert member and a second insert member, and a central 
negative thermal expansion member which defines a first insert receiving void and a 
second insert receiving void, wherein said first insert member is received in and 
contained within said first insert receiving void and said second insert member is 
received in and contained within said second insert receiving void. 
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8. An optical waveguide device as claimed in claim 7 wherein said optical 
waveguide grating member is secured to said first and second insert members with said 
securing glass. 

9. An optical waveguide device as claimed in claim 1, wherein said securing glass 
comprises an intermediate securing anchor member which is constrained within an 
adhesive body, said adhesive body secured and adhered to said supporting member. 

10. A method of making an optical waveguide device, said method comprising 
providing an optical waveguide grating member; providing a negative thermal 
expansion supporting member; tensioning said optical waveguide grating member; 
securing said optical waveguide grating member to said negative thermal expansive 
supporting member with a copper alumino silicate glass. 

11. A method as claimed in claim 10 wherein securing comprises forming an 
intermediate anchoring member with said copper alumino silicate glass. 

12. An optical waveguide device comprising a unitary negative thermal expansion 
longitudinal body substrate having a first end and a second distal end, said substrate 
defining a first solid insert receiving void proximate said first end and a second solid 
insert receiving void proximate said second end, a first solid insert member, said first 
solid insert member received within said first solid insert receiving void, a second solid 
insert member, said second solid insert member received within said second solid insert 
receiving void, a longitudinal optical waveguide grating member held under a tension, 
said optical waveguide grating member secured to said first solid insert member and 
said second solid insert member, wherein said negative thermal expansion substrate 
reduces said tension in relationship to a temperature increase of said optical waveguide 
device. 

13. A method as claimed in 12, wherein forming a first insert receiving void 
comprises drilling of a first hole in a first end of said substrate and forming a second 
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insert receiving void comprises drilling a second hole in a second end of said substrate, 
and inserting a first solid insert member comprises inserting a silica cylinder into said 
first hole, and securing said optical waveguide grating member to said first solid 
inserted insert member comprises securing said optical waveguide grating member to 
5 said first solid inserted insert member with a copper alumino silicate glass. 

14. An optical waveguide device comprising an optical waveguide grating member 
held under a tension, said optical waveguide grating member bonded with a copper 
alumino silicate glass to a negative thermal expansion substrate. 

10 

15. An optical waveguide device as claimed in claim 14 wherein said negative 
thermal expansion substrate is comprised of a beta-eucryptite glass-ceramic. 

16. An optical waveguide device as claimed in claim 14 wherein said negative 
15 thermal expansion substrate is comprised of a zirconium tungstate ceramic. 

17. An optical waveguide device as claimed in claim 14 wherein said copper 
alumino silicate glass is comprised of 48-67%wt. Si0 2 , 10-19%wt.Al 2 O 3 , 20- 
38%wt.CuO and 0-4%wt.B 2 O 3 . 

20 

1 8. An optical waveguide device comprising a unitary negative thermal expansion 
longitudinal body substrate having a first end and a second distal end, said substrate 
defining a centered channel, a first solid member adjacent said first end, said first solid 
member defining a centered channel, a second solid member adjacent said second end, 

25 said second solid member defining a centered channel, a longitudinal optical waveguide 

grating member received in said substrate centered channel, said first solid member 
centered channel, and said second solid member centered channel, said grating member 
held under a tension, said optical waveguide grating member secured to said first solid 
member and said second solid member, wherein said negative thermal expansion 

30 substrate reduces said tension in relationship to a temperature increase of said optical 

waveguide device. 
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19. A method of making an optical waveguide device, said method comprising 
providing an optical waveguide grating member; providing a longitudinal negative 
thermal expansion substrate having a first end and a second end; forming a centered 
channel in said negative thermal expansion substrate; abutting a first solid member 
5 adjacent to said first end and abutting a second solid member adjacent to said second 

end, said first solid member having a centered channel, said second solid member 
having a centered channel; tensioning said optical waveguide grating member; 
physically securing said optical waveguide grating member to said first solid member; 
adhering said grating member to said second solid member, wherein said negative 
10 thermal expansion substrate reduces the tensioning of said optical waveguide grating 

member in relationship to a temperature increase of said optical waveguide device. 
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